N umerous studies suggest that homocysteine may be a modifiable risk factor for cardiovascular disease. In experimental studies, homocysteine causes oxidative stress, damages endothelium, and enhances thrombogenicity. [1] [2] [3] In general, epidemiologic studies show an independent and graded association between homocysteine levels and cardiovascular risk. [4] [5] [6] [7] [8] The observational data suggest that even mild-to-moderate elevations in homocysteine increase cardiovascular risk; this observation is important, because such increases are common and can easily be corrected with safe and inexpensive therapy. Folic acid is the most important dietary determinant of homocysteine; daily supplementation with 0.5 to 5.0 mg typically lowers plasma homocysteine levels by about 25 percent. Vitamin B 12 supplementation of at least 0.4 mg daily further lowers levels by about 7 percent, and vitamin B 6 supplements may be particularly important in lowering homocysteine after methionine loading. 9, 10 We report the results of the Heart Outcomes Prevention Evaluation (HOPE) 2 study, a large, prospective, randomized clinical trial designed to determine whether prolonged administration of folic acid combined with vitamins B 6 and B 12 reduces the risk of major vascular events in persons at high cardiovascular risk.
Me thods

Study Design
HOPE-2 was a randomized, double-blind, placebocontrolled trial evaluating whether therapy with homocysteine-lowering B vitamins reduces the risk of major vascular events in a high-risk population. The trial design has been described previously. 11 The study was coordinated by the Population Health Research Institute at McMaster University in Hamilton, Ontario, and sponsored by the Canadian Institutes of Health Research. Study drug and matching placebo were provided by Jamieson Laboratories, Canada. The study sponsors were not involved in the design, execution, analysis, or reporting of the trial results. An independent data and safety monitoring board monitored the safety of the participants and the overall quality and scientific integrity of the study. The study was approved by the ethics review boards of all participating institutions, and all patients provided written informed consent.
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Study Population
Men and women 55 years of age or older who had a history of vascular disease (coronary, cerebrovascular, or peripheral vascular) or diabetes and additional risk factors for atherosclerosis were enrolled, irrespective of their homocysteine levels, from countries with mandatory folate fortification of food (Canada and the United States) and countries without mandatory folate fortification (Brazil, western Europe, and Slovakia). Patients who were taking vitamin supplements containing more than 0.2 mg of folic acid per day were excluded. Detailed eligibility criteria have been published previously 11 and are provided in the Supplementary Appendix (available with the full text of this article at www.nejm.org).
Study Intervention
Patients were randomly assigned to receive a combined pill containing 2.5 mg of folic acid, 50 mg of vitamin B 6 , and 1 mg of vitamin B 12 (active treatment) or matching placebo daily. The study used central telephone randomization. The randomization code was generated with the use of a fixed block size of four, stratified according to center. All study investigators, personnel, and participants were unaware of the randomization procedure and the treatment assignments.
Follow-up and Laboratory Evaluation
After randomization, patients were evaluated every six months to determine their adherence to treatment (by interview and pill count) and identify adverse events and clinical outcomes. Blood samples were collected at randomization, at two years, and at the end of the study in a randomly selected subgroup of patients after an overnight fast, with proportional representation from countries with folate fortification of food and countries without folate fortification and with expected significant differences in dietary habits.
Plasma levels of folate (Roche chemiluminescence method, Roche Diagnostics), vitamin B 6 (Chromsystems kit, Instruments and Chemicals), and vitamin B 12 (Immulite 2000 Analyzer, Diagnostic Products) were measured at randomization and at two years. Total plasma homocysteine levels were measured (Abbott IMX immunofluorescence method, Abbott) at randomization, at two years, and at the end of the study (average, five years).
Trial Outcomes
The primary study outcome was the composite of death from cardiovascular causes, myocardial infarction, and stroke. Secondary outcomes were total ischemic events (defined as the composite of death from cardiovascular causes, myocardial infarction, stroke, hospitalization for unstable angina, and revascularization), death from any cause, hospitalization for unstable angina, hospitalization for congestive heart failure, revascularization, the incidence of cancer, and death from cancer. Other outcomes included transient ischemic attacks, venous thromboembolic events, and fractures. All primary and secondary outcomes were centrally adjudicated.
Deaths classified as due to cardiovascular causes were unexpected deaths presumed to be due to ischemic cardiovascular disease and occurring within 24 hours after the onset of symptoms without clinical or postmortem evidence of another cause, deaths from myocardial infarction or stroke within 7 days after the event, deaths associated with cardiovascular interventions within 30 days after cardiovascular surgery or within 7 days after percutaneous interventions, and deaths from congestive heart failure, arrhythmia, pulmonary embolism, or ruptured aortic aneurysm. Deaths from uncertain causes were presumed to be due to cardiovascular causes.
Myocardial infarction was diagnosed when two of the following three criteria were met: typical symptoms, increased cardiac-enzyme levels, and diagnostic electrocardiographic changes. 12 Stroke was defined as a focal neurologic deficit lasting more than 24 hours. Computed tomography or magnetic resonance imaging was recommended to identify the type of stroke (ischemic or hemorrhagic). When these tools were not available, the stroke was classified as of uncertain type. Cancers (except basal-cell skin cancer) were diagnosed on the basis of pathological (or cytologic) findings or, when pathological data were not available, on the basis of clinical summaries, results of imaging, levels of serum markers, and other diagnostic procedures. Cancers were classified according to the International Classification of Diseases, 9th Revision.
Statistical Analysis
The study was designed to enroll 5000 patients and to average five years of follow-up to allow the detection of a proportional reduction in the risk of the primary outcome of 17 to 20 percent, with a statistical power of 80 percent and 90 percent, respectively, given an annual event rate of 4 percent in the placebo group and a two-tailed α value of 0.05. This enrollment target was also estimated to provide over 80 percent power to detect a 15 percent reduction in the risk of total ischemic events.
All analyses were performed according to the intention to treat and included all randomized patients. Survival curves were estimated according to the Kaplan-Meier procedure and were compared between treatment groups with the log-rank test. Prespecified subgroup analyses involving Cox models were used to evaluate outcomes in patients from regions with folate fortification of food and regions without folate fortification, according to the baseline plasma homocysteine level and the baseline serum creatinine level. Additional exploratory subgroup analyses were conducted to evaluate the consistency of the study results.
R esults
Characteristics of the Patients
Between January and December 2000, 5522 patients were recruited at 145 centers in 13 countries: 3982 (72.1 percent) were from countries with folate fortification of food, and 1540 (27.9 percent) were from countries without folate fortification. Of these patients, 2758 were randomly assigned to active treatment with folic acid and vitamins B 6 and B 12 and 2764 were assigned to placebo. Baseline characteristics are shown in Table 1 and were generally well balanced between the study groups.
Adherence, Adverse Events, and Follow-up
Among those assigned to the active-treatment group, 95.5 percent were still taking the study drug at one year, 94.0 percent were doing so at two years, 92.5 percent at three years, 91.4 percent at four years, and 90.8 percent at five years. The respective figures for the placebo group were 96.0 percent, 93.4 percent, 92.3 percent, 89.9 percent, and 88.5 percent. Use of open-label folic acid supplements ranged from 2.3 to 4.5 percent in the active-treatment group and from 2.2 to 5.5 percent in the placebo group. There were no serious adverse events related to study treatment. The most common reasons for permanently or temporarily discontinuing treatment at any time were the patient's decision (11.1 percent in the active-treatment group, vs. 12.6 percent in the placebo group), physician's advice (1.6 percent vs. 2.0 percent), hospitalization (1.0 percent vs. 0.8 percent), and general malaise (1.0 percent vs. 0.7 percent).
Follow-up averaged five years. A total of 37 patients, 21 in the active-treatment group and 16 in the placebo group, did not complete the study (21 declined to continue, and 16 were lost to follow-up). The vital status of 99.3 percent of patients was ascertained at the end of the study. All patients who declined to continue the study or were lost to follow-up completed at least two clinic visits and were included in the final analysis, with data censored at the time of the last follow-up visit.
Effects of Supplementation on Vitamin and Homocysteine Levels
Plasma vitamin levels and homocysteine levels for the subgroup of patients in whom they were Values obtained two years after randomization showed that plasma folate and vitamin B 12 levels had approximately doubled and vitamin B 6 levels had approximately quadrupled in the active-treatment group, with no significant changes in the placebo group (Fig. 1) . In the active-treatment group, the mean homocysteine level had decreased to 9.9 μmol per liter (1.3 mg per liter) at two years (Fig. 1) . As a result, there was a difference of 3.3 μmol per liter (0.4 mg per liter) in the change from baseline in homocysteine levels between the treatment groups at two years and a difference of 3.2 μmol per liter (0.4 mg per liter) at the end of the study. These differences were greater in the regions that did not require folate fortification (3.7 μmol per liter [0.5 mg per liter] at two years and 4.1 μmol per liter [0.6 mg per liter] at the end of the study) than in regions that required folate fortification 
Primary Outcomes and Deaths from Any Cause
In the active-treatment group, 519 patients (18.8 percent) died of cardiovascular causes or had a myocardial infarction or stroke, as compared with 547 patients (19.8 percent) in the placebo group (relative risk, 0.95; 95 percent confidence interval, 0.84 to 1.07; P = 0.41) (Fig. 2 and Table 2 ). When each of the components of the primary composite outcome was analyzed separately, there were no significant differences between the groups in the rates of death from cardiovascular causes or myocardial infarction ( 
Secondary and Other Outcomes
Among the prespecified cardiovascular secondary outcomes, total ischemic events occurred in 900 (32.6 percent) patients in the active-treatment group and in 890 patients (32.2 percent) in the placebo group (relative risk, 1.03; 95 percent confidence interval, 0.94 to 1.13; P = 0.57) ( Table 2 ). A total of 268 patients (9.7 percent) in the activetreatment group were hospitalized for unstable angina, as compared with 219 (7.9 percent) in the placebo group (relative risk, 1.24; 95 percent confidence interval, 1.04 to 1.49; P = 0.02). There were no significant differences between the treatment Total plasma homocysteine levels were measured in 1644 patients in the active-treatment group and 1661 patients in the placebo group at baseline; in 581 and 588, respectively, at two years; and in 533 and 531, respectively, at five years (the end of the study). Folate and vitamin B levels were measured in 571 patients in the active-treatment group and in 575 patients in the placebo group at baseline and in 572 and 573, respectively, at two years. groups in hospitalization for heart failure and revascularization. There were no significant differences in incident cancers and deaths from cancer. There were also no significant differences in the rates of transient ischemic attack, venous thromboembolism, or fracture.
Subgroup Analysis
There were no significant treatment benefits with respect to the primary outcome in any of the prespecified or exploratory subgroups evaluated (Fig. 3) . Of particular interest was the treatment effect among patients with high baseline levels of homocysteine. In the top third of the baseline homocysteine distribution (homocysteine ≥12.7 μmol per liter [1.7 mg per liter]), 23.9 percent of the patients in the active-treatment group and 24.0 percent of the patients in the placebo group had a primary-outcome event. Primary event rates also did not differ significantly between the treatment groups among patients in the upper fifth of the baseline homocysteine distribution (≥19.7 μmol per liter [2.7 mg per liter]).
We further explored the effect of treatment on stroke. Most strokes (185, or 71.7 percent) were ischemic, 19 (7.4 percent) were hemorrhagic, 48 (18.6 percent) were classified as of uncertain type, and 6 (2.3 percent) were classified as occurring after surgery or an invasive cardiovascular intervention. Ischemic stroke occurred in 81 patients (2.9 percent) in the active-treatment group and 104 (3.8 percent) in the placebo group (relative risk, 0.78; 95 percent confidence interval, 0.58 to 1.04; P = 0.10). There were no significant differences in the rates of hemorrhagic stroke. Fewer patients in the active-treatment group than in the placebo group had a nonfatal stroke (84 vs. 117; relative risk, 0.72; 95 percent confidence interval, 0.54 to 0.95; P = 0.02). The incidence of fatal stroke was low and not significantly different between the treatment groups. The apparent effect of treatment on stroke did not differ significantly between regions with mandatory folate fortification of food and regions without mandatory folate fortification and between patients with higher as compared with lower baseline total homocysteine levels (upper vs. middle or lower third of the baseline homocysteine distribution).
The baseline homocysteine level (as a continuous measure) was a predictor of cardiovascular events in analyses adjusted for age, sex, and treatment assignment. Hazard ratios for these analyses were 1.03 for the primary outcome (95 percent confidence interval, 1.02 to 1.04), 1.04 for death from cardiovascular causes (95 percent confidence interval, 1.02 to 1.05), 1.02 for myocardial infarction (95 percent confidence interval, 1.01 to 1.04), and 1.03 for stroke (95 percent confidence interval, 1.02 to 1.05).
Discussion
In our study, daily administration of the combination of folic acid, vitamin B 6 , and vitamin B 12 lowered homocysteine levels significantly but did not reduce the incidence of the primary outcome -the composite of death from cardiovascular causes, myocardial infarction, and stroke -during a mean follow-up period of five years. In subgroup analysis, there was no heterogeneity of treatment effects among patients from regions with mandatory fortification of food with folate and regions without mandatory folate fortification and among patients with higher as compared with lower baseline homocysteine levels.
Our findings are consistent with those of the Norwegian Vitamin (NORVIT) trial, reported elsewhere in this issue of the Journal. 13 The NORVIT trial evaluated 3749 patients with recent myocardial infarction from Norway, a country without folate fortification of food, and found no significant beneficial effect of combined treatment with folic acid and vitamin B 12 , with or without vitamin B 6 , in spite of adequate homocysteine lowering. Similarly, there was no treatment benefit in the Vitamin Intervention for Stroke Prevention (VISP) study 14 and in a smaller trial conducted in 593 patients with stable coronary heart disease in the Netherlands. 15 On the basis of epidemiologic studies conducted before our study was initiated, many of which were retrospective, our trial was adequately powered to allow the detection of a proportional reduction in the risk of the primary outcome of 17 to 20 percent. More recent prospective observational studies and a meta-analysis of these studies found the magnitude of the association between homocysteine and cardiovascular risk to be lower. After adjustment for known cardiovascular risk factors and regression dilution bias, a 25 percent decrease in the homocysteine level (about 3 μmol per liter [0.4 mg per liter]) was associated with an 11 percent decrease in the risk of coronary heart disease and a 19 percent decrease in the risk of stroke. 8 Our findings cannot definitively exclude the possibility that B vitamin supplements have a very small beneficial effect on coronary heart disease, of a magnitude similar to these more recent estimates of the strength of the epidemiologic association (for example, a reduction in risk of 10 percent or less). However, this appears unlikely, considering the consistency of our findings across various coronary heart disease outcomes and subgroups, the lack of effect of treatment on total ischemic events -for which the trial was well powered to detect even a 13 percent reduction in risk -and the concordant findings of the NORVIT and VISP trials. The apparent increase in the rate of unstable angina in the active-treatment group is inconsistent with the neutral findings for all other coronary heart disease outcomes evaluated and may be related to the difficulty in establishing this diagnosis and to the play of chance. and a relative reduction of 24 percent among patients assigned to the active-treatment group. However, these results must be interpreted with caution. The number of strokes in our study was much lower than the number of coronary events, the confidence intervals around the estimated risk reduction are wide, and the results are not adjusted for the multiplicity of outcomes compared. Also, we found no effect of treatment on transient ischemic attacks. From a biologic perspective, a treatment benefit restricted to stroke would be difficult to explain. Furthermore, the two other large trials of homocysteine-lowering vitamins that have been completed did not show a beneficial effect of treatment on stroke. 13,14 Therefore, we believe that the apparent beneficial effect of B vitamin supplements on stroke in our trial may represent either an overestimate of the real effect or a spurious result due to the play of chance. Ongoing trials and a meta-analysis of all homocysteine-lowering trials 16 should be able to clarify this issue.
The discordance between the epidemiology of homocysteine and the results of the clinical trials completed to date is similar to that noted for antioxidant vitamins 17 and estrogen 18 and may be related to inherent limitations of observational studies. Indeed, homocysteine levels are related to renal dysfunction, smoking, elevated blood pressure, and other cardiovascular risk factors and are higher in people with atherosclerosis than in those without. 4 Therefore, homocysteine could be a marker, but not a cause, of vascular disease, and the epidemiologic data could be the result of residual confounding that cannot be fully adjusted for, of reverse causality, or of both. Our findings may also relate to exposure to folatefortified food in over 70 percent of the study patients. This exposure probably reduced the number of patients with substantially increased homocysteine levels, the subgroup that might be most likely to benefit from B vitamin supplementation. Several large trials are further exploring these questions. 16 In conclusion, combined daily administration of 2.5 mg of folic acid, 50 mg of vitamin B 6 , and 1 mg of vitamin B 12 for five years had no beneficial effects on major vascular events in a high-risk population with vascular disease. Our results do not support the use of folic acid and B vitamin supplements as a preventive treatment.
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